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ABSTRACT

Volumetricliversegmentationisaprerequisiteforlivertransplantationandradiationtherapyplanning.
Inthispaper,dilateddeepresidualnetwork(DDRN)hasbeenproposedforautomaticsegmentation
ofliverfromCTimages.ThecombinationofthreeparallelDDRNiscascadedwithfourthDDRN
inordertogetfinalresult.ThevolumetricCTdataof40subjectsbelongsto“CombinedHealthy
Abdominal Organ Segmentation” (CHAOS) challenge 2019 is utilized to evaluate the proposed
method.InputimageconvertedintothreeimagesusingwindowingrangesandfedtothreeDDRN.
TheoutputofthreeDDRNalongwithoriginalimagefedtothefourthDDRNasaninput.Theoutput
ofcascadednetworkiscomparedwiththethreeparallelDDRNindividually.Obtainedresultswere
quantitativelyevaluatedwithvariousevaluationparameters.Theresultsweresubmittedtoonline
evaluationsystem,andachievedaveragedicecoefficientis0.93±0.02;averagesymmetricsurface
distance(ASSD)is4.89±0.91.Inconclusion,obtainedresultsareprominentandconsistent.

KEywoRDS
Computed Tomography, Convolutional Neural Network, Dilated Deep Residual Network, Dilation, Dilation 
Convolution Filter, Semantic Segmentation, Windowing

INTRoDUCTIoN

Theliveristhelargestinternalorganinhumanbody,whichissituatedrightsideoftheabdominal
region. This organ performs the second-largest number of functions, such as detoxification of
chemicals,drugmetabolizationandbilesecretion(Glenissonetal.,2014;Thapa&Walia,2007).
AccordingtoWHO,about46%ofglobaldiseases,59%ofthemortalityisbecauseofchronicliver
diseases(WHO,2012).Liverdiseasesaremajormedicalproblemsandmortalityreached216,865or
2.44%ofthetotaldeathsinIndia(Asrani,Devarbhavi,Eaton,&Kamath,2019).

ThemostcommonlyComputedTomography(CT),Ultrasonography(US),Magneticresonance
imaging(MRI)areusedforearlyprognosisandanalysisofanatomicalabnormality.CThasoften
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favoredmodalityfortheidentificationofdifferentcancersbecauseitprovideshighcontrast,high-
resolutionandimageacquisitionisfastercomparedtoothermedicalimagingmodalities(Beutel,
Kundel,&VanMetter,2000).Liversegmentationhelpstheoncologisttomeasurethevolumeofthe
liverfrom3Dmedicalimagesinradiationdoseplanning.Livervolumeestimationisthemostdifficult
andchallengingtaskamongresearchers.Sinceliveranditsneighboringorganshaveapproximately
similargraylevelintensitysoitisdifficulttodelineatetheliverboundaryprecisely(Figure1(a))
andliverdividedintotwoparts(Figure1(b)).

Windowingisoneofthecontrastenhancementmethodswhichperformgraylevelslicingto
eachpixelinanimage.Amedicalexperthastosetthewindowsettingstoobservepathologywithin
animage.Eachwindowshowsadifferentappearanceintermsofvaryingcontrast.Windowingisa
subjectivematterwhichchangesfrompersontoperson.Thereforesameideaisusedwhiletraining
thenetworkarchitecturefordifferentwindowsanditsaggregation.Literatureshowsasingle-window
usedfortrainingthedeeplearningmodel,whichhaslimitedlearningcapability.Differentwindowing
representsan imageatvariousgray-levelquantizationanddilationconvolutionenhance learning
capabilityatvariousspatialresolutionofaninputimage.Theproposedmethodisanamalgamof
dilationconvolutionandwindowingmethodalongwithauniquenetworkconnection.

Convolutional neural network (CNN) is a combination of various building blocks such as
convolutionallayer,poolinglayerandfullyconnectedlayer(Li,Jia,&Hu,2015).TheCNNbecomes
dominantinsemanticsegmentationformedicalimageanalysis.Residualnetwork(Res-Net)isoneof
variantsofCNN.Ithelpstoincreasethedepthofnetworkalongwithlearnableparameterswithout
increasingthecomputationalcomplexity.Dilationconvolutionextractfeaturescorrespondtoadjacent
neighborpixelsandintervalneighborpixelsasperthedilationrate.

Inthispaper,weareproposingaCascadedDDRNfortheautomaticsegmentationofliver.Three
similarDDRNareconnectedinparallelandtrainedseparatelyfordifferentwindows.Theoutputs
ofthreeDDRNcombinedwithoriginalimageandfeedsthroughthefourthcascadedDDRN.All
DDRN have same architecture and learnable parameters. The proposed method achieved better
performancewhilecomparingitwithevaluationparameters.Thisnovelcascadingtechniqueisable
toremovefalse-positiveresultsfrompredictedmapsandachievedsubstantialAverageSymmetric
SurfaceDistance(ASSD),HausdorffDistance95(HD95)evaluationvalues.

Figure 1. Example of liver segmentation challenges (Axial View of 3D CT Scan) (a) Liver and heart intensity homogeneity highlighted 
by star (b) Liver divided into two parts highlighted by star



 

 

10 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/cascaded-dilated-deep-residual-network-

for-volumetric-liver-segmentation-from-ct-image/266237

Related Content

Managing Knowledge Towards Enabling Healthcare Service Delivery
Tiko Iyamuand Sharol Sibongile Mkhomazi (2018). Health Care Delivery and Clinical

Science: Concepts, Methodologies, Tools, and Applications  (pp. 142-153).

www.irma-international.org/chapter/managing-knowledge-towards-enabling-healthcare-service-

delivery/192670

European Innovation Partnership on Active and Healthy Ageing: The Case of

the Greek EIP on AHA Network
Georgia Grintzali, Angelos Vontetsianos, Dimitra Gennimata, Christos F. Kampolis,

Dimitrios Papakyriakouand George Boskou (2017). International Journal of Reliable

and Quality E-Healthcare (pp. 41-51).

www.irma-international.org/article/european-innovation-partnership-on-active-and-healthy-

ageing/181629

Artificial Intelligence for Healthcare in India: Policy Initiatives, Challenges,

and Recommendations
Sheshadri Chatterjeeand Michael S. Dohan (2021). International Journal of

Healthcare Information Systems and Informatics (pp. 1-11).

www.irma-international.org/article/artificial-intelligence-for-healthcare-in-india/279317

Unlearning and Relearning in Online Health Education
Suptendra Nath Sarbadhikari (2013). User-Driven Healthcare: Concepts,

Methodologies, Tools, and Applications  (pp. 1348-1363).

www.irma-international.org/chapter/unlearning-relearning-online-health-education/73893

Personalized Monitors for Real-Time Detection of Physiological States
Lawrence Chow, Nicholas Bambos, Alex Gilmanand Ajay Chander (2014).

International Journal of E-Health and Medical Communications (pp. 1-19).

www.irma-international.org/article/personalized-monitors-for-real-time-detection-of-physiological-

states/124284

http://www.igi-global.com/article/cascaded-dilated-deep-residual-network-for-volumetric-liver-segmentation-from-ct-image/266237
http://www.igi-global.com/article/cascaded-dilated-deep-residual-network-for-volumetric-liver-segmentation-from-ct-image/266237
http://www.igi-global.com/article/cascaded-dilated-deep-residual-network-for-volumetric-liver-segmentation-from-ct-image/266237
http://www.irma-international.org/chapter/managing-knowledge-towards-enabling-healthcare-service-delivery/192670
http://www.irma-international.org/chapter/managing-knowledge-towards-enabling-healthcare-service-delivery/192670
http://www.irma-international.org/article/european-innovation-partnership-on-active-and-healthy-ageing/181629
http://www.irma-international.org/article/european-innovation-partnership-on-active-and-healthy-ageing/181629
http://www.irma-international.org/article/artificial-intelligence-for-healthcare-in-india/279317
http://www.irma-international.org/chapter/unlearning-relearning-online-health-education/73893
http://www.irma-international.org/article/personalized-monitors-for-real-time-detection-of-physiological-states/124284
http://www.irma-international.org/article/personalized-monitors-for-real-time-detection-of-physiological-states/124284

